Results
Ketamine versus morphine for acute pain in the ED (outcome at 10 minutes).
Study
Sample Size Indication Ketamine Dose (mg/kg) Difference in D NRS* Score (95% CI) The search identified 237 unique citations, and 3 trials (N¼261) met the inclusion criteria of the review. All studies reported mean numeric rating scale score and used a single dose of morphine at 0.1 mg/kg as the control. One study evaluated ketamine at 0. 
STUDY SELECTION
Two reviewers screened all titles and abstracts, and discrepancies were resolved by discussion or an adjudicator. Included studies were randomized trials of low-dose intravenous ketamine less than or equal to 0.5 mg/kg compared with intravenous opioids in adult ED patients with acute pain (1 week's duration). Studies had to report a change in either a visual analog scale or numeric rating scale score within 60 minutes.
reported and at what points they were assessed.
The pooled analysis had high heterogeneity and did not identify a difference in numeric rating scale score change (Table) . Adverse events, primarily consisting of dizziness, disorientation, and nausea, were not meta-analyzed, and all events were determined to be minor.
Commentary
Low-dose ketamine for acute analgesia in the ED is gaining popularity, with a number of recent trials suggesting efficacy similar to that of traditional opioid analgesics. [1] [2] [3] Alternatives to opioid analgesia have been sought because of the risk of adverse events such as hypoxia and potential for opioid misuse. This systematic review and metaanalysis found that in ED patients with acute pain, low-dose intravenous ketamine provided pain relief at 10 minutes comparable to that of intravenous morphine at 0.1 mg/kg. This is consistent with results of previous reviews using broader inclusion criteria. 4, 5 There are important limitations to the identified evidence, which downgraded confidence in the conclusions. The number of included studies and patients was small. Adverse events were more common with ketamine in all 3 trials but were not reported in a standard fashion and could not be pooled. Comparison of ketamine with a single dose of opioid was selected to limit confounding from cointerventions. However, evidence suggests intravenous morphine at 0.1 mg/kg may be inadequate analgesia for most patients with severe pain. 6 Optimal opioid dosing varies widely between patients 7 and often requires titration. 6 Additionally, the timing of the primary outcome-change in pain score at 10 minutes-was arbitrary and likely favored ketamine. No results beyond 15 minutes were pooled and no firm conclusions past that point should be drawn. Ketamine-treated patients required more rescue medications. Finally, various causes of pain in the studies, as well as ketamine dosing, could have contributed to clinical heterogeneity.
Since the search was completed, at least 3 additional studies (516 total patients) meeting the inclusion criteria of the review have been published. Consistent with the findings from this review, none found a difference in efficacy at less than 15 minutes between ketamine and morphine at 0.1 mg/ kg. Results in regard to frequency of adverse events and efficacy at later points were mixed. [8] [9] [10] This study suggests that low-dose intravenous ketamine provides analgesia comparable to that of intravenous morphine at 0.1 mg/kg. 11 However, it is unclear how ketamine compares with titrated opioids or whether it can be effectively redosed or titrated. Further inquiry is needed to answer these questions, as well as to explore the utility of ketamine as an adjunct to opioids.
DATA EXTRACTION AND SYNTHESIS
Mean visual analog scale or numeric rating scale score, mean changes, and SDs were abstracted for all points less than or equal to 120 minutes, although details of data abstraction were not reported. The primary outcome was change in mean pain score at 10 minutes or closest point to 10 minutes with available data. The secondary outcome of adverse events was not predefined, but all adverse events reported in the individual trials were recorded. The difference in change in visual analog scale or numeric rating scale score between ketamine and opioids was metaanalyzed with random-effects models. Results were reported with 95% confidence intervals. The quality of individual trials was assessed with the Cochrane Risk of Bias Tool.
